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Retrieved bone-anchored percutaneous amputation prosthesis 
showing maintained osseointegration after 11 years— a case report 
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The patient is a woman born in 1960. She suffered a high 
transfemoral amputation due to a tumor in 1976. In 1993, 
she was enrolled for treatment with a custom-designed bone- 
anchored implant solution. The surgery was performed in 2 
stages, Briefly, at stage 1 of surgery (SI), a titanium fixture was 
implanted in residual femoral bone after reaming of the intra- 
medullary canal, and using a 3-D centering guide and fluoros- 
copy to ensure proper positioning. At stage 2 of surgery (S2) 6 
months later, a full skin thickness flap was trimmed of subcu- 
taneous fat and sutured to the distal end of the femoral bone, 
essentially according to the surgical technique developed for 
percutaneous bone-anchored hearing aids (Tjellstrom 1989). 
In conjunction with S2, a skin-penetrating abutment was 
inserted into the fixture and secured via an abutment screw. 
Following S2, the rehabilitation included a gradual increase of 
the load on the implant, the fitting of an external 
prosthesis to the abutment, increased activity, 
and prosthetic use. In 1998, the titanium fixture 
fractured at the distal end, and a custom-made 
abutment was installed to try to avoid fixture 
removal. This abutment failed in 2000, and 
was exchanged. In 2004, the fixture fractured 
again due to fatigue, and it was removed. The 
distal part was loose and was easily removed, 
while the proximal part was drilled out with a 
trephine burr together with a surrounding tissue 
collar. The fixture with surrounding bone was 
immersed in 4% formalin. The patient was suc- 
cessfully revised with a new implant and has 
not suffered from any new fracture. 



Specimen preparation 

The specimen was dehydrated and embedded 
in LR White (London Resin Co. Ltd., UK) 
and divided into 2 pieces through the long axis 
by use of a diamond band saw. One part was 
used for preparation of a toluidine blue stained 
ground section for histological and histomor- 
phometrical analysis using light microscopy. 
The counter part of the block was divided 



further into one smaller part at the apical end, containing 7 
threads intended for micro-CT analysis in a Skyscan 1172. 
The rest was polished with grit paper to create an even surface, 
and then sputter-coated with gold (approximately 10 nm) and 
analyzed by scanning electron microscopy (SEM). 



Results 

A large amount of bone tissue was found around the implant. 
One side was damaged by the trephine burring, and the hollow 
inside was damaged distally during removal (Figure 1). The 
bone surrounding the implant was mainly mature cortical 
bone filling the threads and growing into the transversal holes 
to the center of the implant. The hollow proximal part of the 




Figure 1. The implant system obtained in 2003. A. Overview image. B. Closer view of 
the bone-anchored part, showing a large amount of bone surrounding the implant. C. 
Overview image of the ground section, showing the material fracture at the distal end 
(arrows), the large amount of mainly compact bone around the implant (arrowheads), 
and trabecular bone inside the implant (*). There is a central area devoid of tissue due 
to the retrieval procedure (#). 
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Figure 2. Light microscopic images of the ground section. A. Overview of one side of the implant. B. A closer 
view of one of the transversal holes in the implant, connecting the outer surface with the hollow inner part. C 
and D. Many threads were completely filled with mature, Haversian bone. E and F. Closer view of the bone 
in contact with the implant surface, with multiple osteocytes close to the implant surface. G. The trabecular 
bone in the hollow center with bone trabeculae reaching to and condensing at the implant surface. 





Figure 3. Back-scattered electron micrographs of the bone-implant bloc. A. Overview image 
of one side of the implant. B. A thread filled with compact bone, which contains several voids 
suggestive of vascular channels. C. Transversal hole with more porous bone, showing active 
remodeling with jagged areas (arrowheads) and newly, less mineralized osteoid (*). D. Haver- 
sian system (H) and osteocyte lacunae (oc), some of which are located close to the implant 
surface. E. At higher magnification close to the implant surface, showing canaliculi (c). 



implant was dominated by 
trabecular bone, which had 
a condensed appearance on 
the implant surface and in 
parallel alignment with the 
implant surface, while becom- 
ing more randomly distrib- 
uted towards the center. The 
thread closest to the implant 
fracture lacked tissue and was 
not included in the histomor- 
phometric measurements. 
The degrees of bone-implant 
contact and bone area within 
the 29 threads measured were 
81% and 87%, respectively. 
The SEM analysis confirmed 
the large amount of bone 
surrounding and in contact 
with the implant, while no 
fibrous tissue was seen in the 
interface. Mature, remod- 
eled bone with well-defined 
Haversian systems with sur- 
rounding osteocyte lacunae 
was frequently observed in 
the threads. Trabecular bone 
was observed, following the 
contours of the implant surface and extend- 
ing into the hollow center at the distal part 
of the larger thread with the transversal 
hole. Differences in contrast in the bone 
tissue indicated active bone remodeling in 
the porous part of the bone, where areas of 
jagged bone surfaces indicated resorption 
by osteoclasts. Less mineralized bone had 
been laid at areas close to these zones, indi- 
cating coupled bone remodeling. Osteocyte 
lacunae were frequently observed close to 
the implant surface, usually at a distance of 
10-20 um (Figure 2). Furthermore, at even 
higher magnifications using SEM, cana- 
liculi were frequently observed in the bone, 
both as strictly transversal cuts (circular) 
and as longitudinal cuts (worm-shaped) 
with a diameter typically in the range of 
200-400 nm (Figure 3). These extended 
close to (within 1 um of) the surface of 
the bone closest to the implant surface. 
Micro-CT analysis confirmed the histo- 
logical analyses, showing cortical bone 
on the outer, threaded surface; trabecular 
bone was predominant in the hollow center 
(Figure 4). 
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Figure 4. Micro-CT images. A. Longitudinal section of the data set with implant in white 
and bone in gray. B. Overlay image of contrast-segmented part of implant (gray) and 
bone (yellow; transparent) showing the osseointegration. C. Transaxial section of the 
data set with implant in white and bone in gray. The outer surface was dominated by 
cortical bone (*) and the inner surface was dominated by trabecular bone (#). 



Discussion 

In a prospective, single-center, non-randomized trial, we 
treated 51 consecutive patients with transfemoral amputa- 
tion — mainly due to trauma or tumor — with an osseointegrated 
percutaneous prosthetic system. The cumulative success rate 
at 2-year follow-up was 92% (47 of 51 patients), including 
enhanced prosthetic use and mobility and improved quality of 
life (Branemark et al. 2014). The reasons for removal of the 
implant system were either deep infection (1 case), pain (1 
case), or pain and loosening of the fixture (2 cases). Although 
there was a relatively short follow-up period (2 years), these 
results are encouraging considering previous attempts, which 
have failed to successfully attach amputation prostheses to the 
skeleton (Mooney et al. 1977, Hall 1985). Nevertheless, it is 
still important to determine the precise structural and func- 
tional connection between the bone and the fixture over time. 
The first prospective radio stereometric follow-up of osseoin- 
tegrated amputation prostheses (Nebergall et al. 2012) showed 
similar limited early and low long-term migration and bone 
remodeling (e.g. an increased amount of bone around the 
proximal tip, so-called buttressing) as around long-term, suc- 
cessful uncemented hip stems. 

An important objective in clinical studies on the structure of 
the fixture-bone interface is to obtain samples of such inter- 
faces from patients. For obvious ethical reasons, biopsies of 
tissue in close contact with the intramedullar fixture cannot 
be obtained; they would most likely jeopardize the integrity of 
this interface. Furthermore, since animal experiments cannot 
reproduce the in vivo situation in humans after loading, it is 
important to retrieve and analyze samples that can be obtained 
if the fixture has been removed for reasons other than e.g. 
loosening and deep infection. In the present study, we ana- 
lyzed unique material consisting of a retrieved implant with 
surrounding bone tissue from a patient treated during the early 



1990s with a custom-designed titanium fixture 
for a bone-anchored transfemoral amputation 
prosthesis. 

The histological evaluation showed that the 
bone tissue had grown in direct contact with 
the titanium implant, without any intervening 
fibrous tissue layer, creating an osseointegrated 
state (Dorland 2012). These results are in agree- 
ment with previously published data on oral and 
extra-oral maxiofacial implants with surround- 
ing tissue retrieved from humans (Sennerby et 
al. 1991, Bolind et al. 2000). The direct com- 
parison of implants retrieved from the oral and 
maxillofacial region with implants retrieved 
from femoral sites is not straightforward, but the 
concept of the latter has been developed from 
clinical experience and expertise obtained from 
the former (Robinson et al. 2004). For retrieved, 
uncemented metal arthroplasty, limited bone- 
implant contact has been reported (Cook et al. 1988, Lester 
et al. 1998). With the use of hydroxyapatite coatings, the 
bone-implant contact for hip arthroplasty could be increased 
by up to about 50% (Tonino et al. 1999). It has been shown 
previously that a large amount of bone can be seen around a 
bone-anchored amputation prosthesis retrieved from the upper 
extremity (ulnar bone) after 11 years of function, with 75% 
of bone area and 85% of bone-implant contact (Palmquist et 
al. 2008). The large amount of bone surrounding the present 
implant (87% of bone volume) when considering the threaded 
area, shows the potential of the screw design to effectively 
transfer the loads from the prosthesis to the skeleton. By his- 
tology, no areas of bone resorption due to stress shielding or 
excessive loads were observed. 

An interesting observation is the difference in bone formed 
on the outer threaded surface and on the inner non-threaded 
surface, where there was a distinct difference in the type of 
bone that had formed. This is most likely due to the difference 
in loading, where less load is transferred at the center of the 
implant and higher loads are transferred to the surrounding 
cortical outer boundaries of the residual femur. No obvious 
differences were found along the tension or compressive sur- 
face of the bone in the transversal holes. It is believed that 
osteocytes are the mechano- sensing part of the bone tissue 
(Windahl et al. 2013). It has been discussed whether or not the 
canaliculi reach the implant surface (Steflik et al. 1992, 1994). 
In our case, we could show the presence of canaliculi close to 
(within 1 jim of) the implant surface. The separation between 
the bone and surface of machined implants is a commonly 
observed preparation artifact from the fixation and dehydra- 
tion procedures (Lawton et al. 1995). Unfortunately, this hin- 
ders intact high-resolution analysis (Palmquist et al. 2009) and 
the actual bone-implant interface could not be visualized at 
higher magnifications, to allow a more detailed analysis and a 
better understanding of the canaliculi in this context. 
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Together with published studies on the quality of life for 
patients treated with osseointegrated amputation prosthesis 
(Hagberg et al. 2008), the present study indicates that osseo- 
integration may be a promising long-term treatment option for 
patients with transfemoral amputation. 
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